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Summary

® Re-Analysis of 2 CARMENES targets with published
planets: GJ 338B & GJ 1002

e Multi GP approach
e Comparing results with the literature

e Conclusions



Methodology

Pyaneti' code

e Multidimensional Gaussian process?

Quasic-Periodic Kernel:

PGP (Rotacional period of the star)

vopr(ti, t;) = A% exp _sin’[m(ti — ;) /Pap] _ (ti —t;) - A, (Lifespan of the active regions)
’ 207 2)2 - A (Active region distribution)

RV = AoG(t) + A1G(t)
Simultaneous fit RV + Activity H, = 4,G(t) + A5C(1)
a — 42 3

1 (Barragan et al. 2022 MNRAS.509..866B) 2 (Barragan et al. 2023 MNRAS.522.3458B)


https://ui.adsabs.harvard.edu/classic-form/#abs/2022MNRAS.509..866B/abstract
https://ui.adsabs.harvard.edu/classic-form/#abs/2023MNRAS.522.3458B/abstract

Analysis and results

GJ 338B
Spectral type M0.0 V

Stellar parameters:

M =0.64 +0.07 M,
R ,=0.58 +0.03 R,
Teft= 4005 + 51 K

- d=6.334pc
Prot=16.61 + 0.04 d

Gonzalez-Alvarez et al. (2020)

GJ338Bb
Super-Earth

Planetary parameters:

M,=1027 1.4 M,
P,=24.45+0.02 d




GJ 338 B (GLS Ha)
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GJ 338 B (GP+RV)
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b) Residuals of GP(A0)+1p i
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0.04 3 ﬁ: a) H, fit with GP (A2,A3)
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CRRCKI NN

RV+GP VS RV+Multi-GP

GJ 338B b
Parameter RV+GP fit Multi-GP fit
K [ms™] 3:297 033 SR
P [days] JA 984D 22 24.39970:050
msini M) 17,03* 122 1317, 75
a [au] 0.1421 £0.0052  0.1418 + 0.0052
S [Se] 3.88 +0.53 3.88 +0.53
Tors [K] 357 & 85 357 & 85
RMS res [m/s]: 2.98 2.8

Prot it)=16.61 + 0.04 d
Prot= 16.564 15351 d

Results in
Gonzalez-Alvarez et al. (2020)

K (m/s)=3.07 + 0.37
P (days)= 24.45 + 0.02
mp sini (M_)=10.27 + 1.4

3.2



Analysis and results

GJ 1002 GJ 1002 b GJ 1002 c

Spectral type M5.5 V Terrestrial Terrestrial

Stellar parameters: Planetary parameters: Planetary parameters:
M. =0.12+0.01 M. - M. =1.08+0.13 M, - M. =136+0.17 M,
R, =0.137 £ 0.005 R - P,=10.34+0.03d - P,=2120+£0.01d

Tei= 3024 £ 52 K
- d=4,84 pc
- Prot=126+£15d

Suarez-Mascarenfo et al. (2023)

10



GJ 1002 (GLS FWHM)

10.35d 21.2d

T
d) CARMENES-ESPRESSO FWHM

CARMENES +
ESPRESSO

ESPRESSO

T
f) CARMENES FWHM

10

CARMENES

101 102
Period (d)

11



GJ 1002 (GLS RVs)
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GJ 1002 (GLS RVs)

GLS RESIDUALS

I c) Best-fit RV residuals 2p
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GJ 1002 (Multi-GP RV+FWHM)

CARMENES + ESPRESSO Multi-GP+1pl

FWHM
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GJ 1002 (Multi-GP RV+FWHM)
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GJ 1002 (Multi-GP RV+FWHM)
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GJ 1002 (Multi-GP RV+FWHM) L~ {

RV DATA SPRESSO
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GJ1002b &c

RV PHASE FOLDED
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N7

GJ 1002b & c

GJ 1002 b GJ 1002 c
Parameter Best RV fit Multi-GP fit Suarez-Mascarefio et al. (2023) Best RV fit Multi-GP fit Suarez-Mascarefio et al. (2023)
K [ms™] 1.23 4 0.25 1.287016 1.31£0.14 Lirds 1.261037  1.30+0.14
10.346+0.027

P [days] 10.3413170.98%81  10.34173¥000053 1 g ¢ 0,13 21.198075:0020 21,1989 30010 f1é(250+2301-313
msini [Mg)] 102150 106157 L7302 Lggta T

a [au] 0.0458 00015 0.0458 £ 0.0013 0.0739 £ 0.0021  0.0739 + 0.0021

S [Se) 0.67415-002 0.674 + 0.66 0.259 +0.025  0.259 & 0.025

Tesr [K] 2805, 230 + 18 181 +20 182 + 20
RMS res [m/s]: 1.91 1.35 1.30 1.91 1.35 1.30

HZ dry worlds HZ wet worlds
Prot(it)=126 £ 15 d
* ® o1
GJ1002b  GJ1002c Prot= 1271_17 d
1 10 100

Orbital period (d)

Low activity star—> Better modeled with GP 19



Discussion
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Conclusions

e We re-obtained all the planetary parameters of each system.

e Using Multi-GP in RV+activity indicators is necessary to detection of Earth
like planets in the HZ of GJ 1002.

e Multidimensional Gaussian Processes (Multi-GP) are emerging as a key tool
for modeling stellar activity in M-type stars.

e Multi-GP have proven particularly effective in more active stars, where
stellar activity reflected in FWHM, Ha, and RV can mask planetary signals.

e A more detailed study with additional systems and the inclusion of new
kernels, such as dSHO, is necessary to better model and account for stellar
activity.
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